Abstract: Waste water of municipal sewerage system contains several types' of pathogenic bacteria which can become air borne in case of mechanical disturbance. There is some evidence which indicate that enteric diseases prevailed in communities that may be associated with aerosols generated from waste water containing enteric pathogens. The present aero-bacteriological investigation included enumeration, identification, numerical analysis, and seasonal variation of different types of cultivable airborne bacteria with inhalant fraction of gram-negative bacteria in sewage associated environment, in order to develop efficient strategies to reduce health risk for this environment. The aero-bacteriological sampling has been done fortnightly for a period of one year. Bio load recorded was 3280.79±3199.262, 41.96±32.386 and 3.13±2.007 of total viable bacteria, inhalant gram-negative bacteria and total enteric bacteria respectively. Non-inhalant fractions of total viable types of bacteria and gram positive rods were recorded highest during the summer, whereas; during the winter gram negative bacteria were dominant constituent. The most frequently present airborne bacteria were identified as the species of the genera, Klebsiella, Proteus and Escherichia, among the family Enterobacteriaceae; other species of gram-negative bacteria, i.e. Acinetobacter, Pseudomonas and Salmonella were also reported from this environment. The inhalant fraction of viable bacteria, were recorded highest during the season with moderate to high humidity and moderate temperature, suggesting that transitional period of seasons would be harmful for the inhabitants of adjacent area.
Introduction
Sewerage system is an integral part of inhabited area which transports the effluents of the cities to the remote areas either for treatments or just to be dumped. Proper handling of municipal waste is essential to reduce negative environmental impact as every day plethora of micro-organism enters sanitary sewer systems from households and other sources of municipal area. Pathogenic micro-organisms along with the saprophytes are indispensable part of a sewerage environment, which can be found in the sewer system in the wastewater, sediment, and biofilms (Gerardi, 2006) . The "father of the occupational medicine" Bernardio Ramazzini (1633 -1714) published the first comprehensive book on occupational medicine in 1700 in Italy. He reviewed the ailments known to affect a number of professions, including sewer-tenders. Fatigue, headache and sore throat are some of the common symptoms associated with sewage workers (Lundholm and Rylander, 1983) ; Melbostad et al., (1994) were positively correlates with increasing exposure to airborne rod-shaped bacteria.
Previous study based on waste water treatment plants and municipal solid waste (MSW) proves that these are the source of airborne pathogens. First published conclusive evidence of sewer as a source of pathogens comes from the work of Carpenter (1875); since then, several species of viable and potentially pathogenic bacteria so far have been recovered from aerosols generated from sewage (Pillai et al., 1996; Rusin et al., 2003; Tanner et al., 2008) .
Galen of Pergamon in the second century AD explains the importance of clean air, currently spread of pathogenic micro-organisms through aerial routs is of growing concern (Johnson et al., 1978; Teltsch and Katzenelson, 1978) . It has been demonstrated that municipal sewerage could be the source of airborne bacteria, fungi and endotoxin which may vary depending upon various factor including weather conditions (Cyprowski et Wlazło et al., 2002) and there is some evidence which indicate that enteric diseases prevailed in communities that may be associated with aerosols generated from waste water containing enteric pathogens (Katzenelson et al., 1976; Teltsch et al., 1980) . Enteric bacteria are the good indicator of water pollution; also, the presence of enteric bacteria in the aerosols of the area under the study represents the unhygienic environmental conditions (Adams and Spendlove, 1970; Goff et al., 1973; Pathak and Verma, 2009) . Measuring the number of airborne micro-organisms are thus of general hygienic interest (Lundholm, 1982; Pathak and Verma, 2010) .
Despite the fact that the sewerage is the source of pathogenic micro-organisms, no studies thus far have been evaluated the degree of exposure to airborne biological hazards in the resident of adjacent area. In most part of the world, the people of lower social strata colonized near the sewerage system of municipal area are at a high risk of diseases due to these airborne pathogens. This comprehensive study has been made in order to evaluate the quantity and quality of potentially hazardous cultivable bacteria of viable types represented in the air of municipal sewerage with special reference to family Enterobacteriaceae, and to find the inhalant and non-inhalant fraction of bacteria for this environment. The effects of environmental factors on the total airborne bacterial bio load were also analyzed by using correlation analysis and a regression model for the purpose of prediction was prepared.
Materials and Methods
Jabalpur (Latitude: 23.2; Longitude: 79.95; Altitude: 391.) is the second biggest city of Madhya Pradesh state of India in terms of population. The city consists of long narrow plains running northeast and southwest, and is shut in all sides by highlands farming an offshoot from the great valley of the Narmada. The climate of Jabalpur is overall pleasant and salubrious except the later part of the summer season. The year may be divided into three main seasons viz. the summer season (from middle of March to middle of June), the monsoon season (from middle of June to the end of September), and the winter season (from November to middle of March).
Sampling site
The municipal sewerage chosen to studies, were open type and located at the interior of the city. This site is literally slum area of the city and densely populated. The aero-bacteriological sampling has been done fortnightly for a period of one year in order to cover all major seasons as described previously with some modification (Pathak and Verma, 2009 ). The meteorological data were collected from weather station of Jabalpur. Apart from temperature and humidity, five other meteorological parameters were also recorded in order to analyze their effects on airborne bacterial population.
Isolation of bacteria from air
Culture methods have been used widely for the measurements of airborne micro-organisms in the work environment (Eduard, 1996) . For this study air sampling was done on Tryptone Glucose Yeast Extract (TGYE) Agar Medium (Hi Media, Mumbai, India) and Eosin Methylene Blue (EMB) Agar Medium (Hi Media, Mumbai, India) with the help of modified two stages Andersen sampler (Andersen, 1958 and 1966) at one meter height from the ground at the adjacent area of open sewer (<10 m). The sampler was operated for two minutes at the site, with interval of two weeks over the period of one year. For enumeration and identification of total viable types of bacterial population present in ambient air, the TGYE medium plate was kept on upper stage of the sampler, whereas for enumeration and isolation of gram-negative enteric bacteria, the EMB medium plate was kept on lower stage of the sampler representing the inhalant fraction that is able to be deposited on lower airway of respiratory system of the people.
Isolation from sources
Sampling was also done in order to identify the presence of the bacteria in the sewage water and soil contaminated with solid waste of sewer origin and compare with those present in the air. Water samples were collected by holding the glass stopper, sterile bottle near its base in the hand and plugging it (necked downward below the surface) and transporting to the laboratory in an icebox to avoid unpredictable changes in physio-chemical as well as bacteriological characteristics. The top soil of sewer region was sampled in sterile airtight polythene bags. Processing of samples was done by serial dilution technique (10 -2 to 10 -4 ) to get only a few cells per mL. One mL of inoculums from each dilution was poured onto sterilized Petri plates of respective media (TGYE & EMB) at 45°C by using Pour plate technique (Krieg, 1981) . Then plates were incubated at 37 ± 2°C for 24 to 48 hs.
Air contamination standard
The level of bacterial contamination of air is usually expressed in terms of number of bacteria-carrying particles per m3 (bcp/m3) or the bioload (B). B is calculated from the following equation:
Where N is the number of colonies counted on the sample plate, T is the duration of the test in min., and R is the air-sampling rate in liters/min. (Senior, 2006) 
Identification of Isolates
Bacteria can be identified by morphology, gram-staining, growth on specific substances and under special conditions, and also production of specific metabolites (Eduard and Heederik, 1998) . In this study, identification of isolates (of sources and air) was done by using HiEnterobacteriaceae Identification Kit (Hi Media, Mumbai, India) and standard methods and manuals; carbon source utilization profiles were prepared in order to establish source and sink relation (Collee et 
Statistical analysis
In the present study, Pearson's correlation coefficient and multiple linear regression (enter method) procedure was used to estimate the effect of meteorological factors (average temperature, average humidity) on airborne bacterial bio load (Quinn and Keough, 2002 ).
Results and Discussion
An extramural airborne bacteriological investigation was carried out at the open sewerage of municipal area to analyze the prevalence and seasonal variation of airborne bacteria. The present investigation revealed that both pathogenic and saprophytic bacterial forms were prevalent in the area under the study. From sewerage associated environment, 104 types of isolates were identified (Figure 1 Highest average recorded bio load from sewerage associated environment during summer was 7.2 x 10 3 B, in winter was 1.7 x 10 3 B and in monsoon was 1.6 x10 3 B. During the summer in the month of June highest average bio load was recorded in the ambient air of sewage, followed by winter and monsoon. According to Kelly and Pady (1953) the dry weather favours bacteria to get into the air, the soil borne bacteria of air were greatest in number during spring and autumn, and this finding is similar to the present study probably due to existence of the factors promoting dry dissemination. In presence of the mechanical disturbance the total bacterial content of sewage atmosphere is reported 10 4 to 10 5 cfu /m 3 by Laitinen et al., The seasonal variability in conjunction with the types of airborne bacteria was also recorded. During summer, the airborne concentrations of gram positive rod shaped bacteria were high. During winter, gram negative rods were dominant whereas in monsoon gram negative bacilli along with filamentous bacteria were dominant variety. Non-inhalant fractions of total viable types of bacteria ( Figure 2 ) were recorded the highest during summer (73%), compared with winter (17%), and the minimum during the period of monsoon (10%) similar to the findings of Oppliger et al., (2005) .
Filamentous bacteria and gram-negative rods (26% each) were dominant among total types of viable bacteria, followed by gram-positive bacilli (20%) and gram-positive pleomorphic bacteria (13%). During the study, wide varieties of gram-negative bacteria were reported from air of the municipal sewerage environment (Melbostad et Klebsiella, Proteus and Escherichia were dominant among Enterobacteriaceae; other gram-negative bacteria, i.e. Acinetobacter spp. and Aeromonas, spp., Pseudomonas spp., Salmonella spp. and some unidentified species were also reported. The previous researchers while studying similar environment also reported species of Acinetobacter spp. ( From the inhalant fraction of viable bacteria, those, which can be deposited on the lower airway of respiratory system of human being ( Figure 2 ) were recorded the highest during monsoon (41%), compared with summer (34%), and the minimum during the period of winter (25%) season, whereas, in the month of October, a season with moderate to high humidity (59-84%) and moderate temperature (23.6-25.2) reported highest. This finding is suggesting that transitional period of seasons would be harmful to the inhabitants for those who they are residing within the perimeter of 20 meter (Brooks et al., 2005) form the sewage.
Previous study reported survivability of gram-negative bacteria varied with varying meteorological factors (Marthi et al., 1990 ; Tang Coefficient, collinearity and regression analysis showed that the data were linear, consistent, predictable and without outliers. There is no correlation established between the environmental factors with the bio load of total gram-negative bacteria and members of the family Enterobacteriaceae, whereas; humidity significantly correlated negatively and temperature significantly positively correlated with total viable cultivable bacteria. (Table 1 ) The multiple regression models predicted that, there were 68.43 decreases, and 274.38 unit increases in bacterial bio load accounted for about 83.03 % of the variance by increasing one unit in humidity and temperature respectively in total types of viable bacteria in sewerage associated environment were obtaining. The constant was 474. 13 showing the bio load at any humidity and temperature range. Square Root of Mean Square Error for model was 1379.292; bio load could vary by ± 1379.292 about the estimated regression equation for the value of average temperature (± 50.428) and humidity (± 12.209) .
Estimated model for total type of bacteria of sewerage environment (R283.03%) = 474.13-68.43 X humidity average + 274.38 X temperature average (2) 0.18 and 0.96 unit increases in bacterial bio load accounted for about 2.8 % of the variance by increasing one unit in humidity and temperature respectively in total inhalant gram negative bacteria in sewerage associated environment were obtained; the constant was 0.96 showing the bio load at any humidity and temperature range. Square Root of Mean Square Error for model was 45.094; bio load could vary by ± 45.094about the estimated regression equation for the value of average temperature (±1.340) and humidity (±0.324).
Estimated model for total isolates on EMB of sewerage environment (R22.8%) =20.77 + 0.18 X humidity average + 0.96 X temperature average
0.19 and 1.08 unit increases in bacterial bio load accounted for about 3.5 % of the variance by increasing one unit in temperature and humidity respectively in total population of the members of the family Enterobacteriaceae in sewerage associated environment; the constant was 16 This means that the linear regression model that had been estimated was not a mere theoretical construct; indeed, it did exist and was substantially significant. Lower value of coefficient of determinant for the model prepared for inhalant gram-negative bacteria and total enteric bacteria also verify that, though the environmental factors govern the distribution, dissemination, and tenacity of airborne bacteria, yet this is not the major factor for generation and aerosolization of airborne gram-negative bacteria for this environment.
Conclusions
Conveyance of sewage through open drains creates unhealthy conditions within the city. Open sewerage channel of municipal area are subjected to mechanical disturbance at a time of cleaning, storm runoff, human and animal activity resulted into the generation of aerosol in ambient air, and these aerosols become a source of pathogens to the residents of open sewerage area. For this environment the average presence of viable airborne gram-negative bacteria seems to be consistence throughout the year and higher during the transitional period of season; requires that the Municipal Corporation should take strict sanitary measures and there is an urgent need of the implementation of good hygiene practices and it is essential to construct ground sewerage facilities in the city as soon as possible.
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